Europ^lsch s Pat ntamt 
Europ an Patent Offic 
Office eur peen des brevets 


liililiiiilill 

0 Publication number: 0 543 268 A2 


® EUROPEAN PATENT APPLICATION 


® Application number: 92119281.1 0 Int Q A HOI L 29/784, H01 L 29/62, 

H01L 21/28 

@ Date of filing: 11.11.92 


@ Priority: 19.11.91 US 795418 

® Applicant: TEXAS iNSTRUiMEMTS 


INCORPORATED 

@ Date of publication of application: 

13500 North Central Expressway 

26.05.93 Bulletin 93/21 

Dallas Texas 75265(US) 

@ Designated Contracting States: 

@ Inventor: Chapman, Richard A. 

DE FR GB IT NL 

7240 Briarcove Drive 


Dallas, Texas 75240(US) 


0 Representative: Schwepfinger, iCari- Heinz, 


Dipl.-ing. et al 


Prinz Bl Partner, Manzingerweg 7 


W-8000 RAUnchen 60 (DE) 


0 Transistor device with a gate structure and method of forming the same. 


00 
CD 
CM 

to 
in 


© A method of forming a shallow doped region 125 
in a semiconductor layer 112 is disclosed herein. An 
insulating layer 126 (e.g.. silicon dioxide) is formed 
ov r the semiconductor layer 112. Next a thin (e.g., 
<20 nm), amorphous semiconductor layer 127 Is 
fonfned over the Insulating layer 126. Ions may then 
b Implanted through the thin, amorphous semicon - 
ductor layer 127 and the insulating layer 126 and 
into the semiconductor layer 112 to form a shallow 
doped region 125. The shallow doped region 125 
may have a peak concentration t)etween 20 and 50 
nm Into the surface of the semiconductor layer. In a 
pr fenced emtx)diment the shallow doped region 125 
Is formed in a buried channel transistor 119 such as 
for CMOS applications. Other systems and methods 
are also disclosed. 
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FIELD OF THE INVENTION 

This Invention generally relates to the fabrication of 
semiconductor d vices and specifically to a tran- 
sistor device ad method of forming the same. 

BACKGROUND OF THE INVENTION 

Very large scale integrated semiconductor circuits 
such as DRAMs are typically fabricated with metal 
oxide semiconductor field effect transistors 
(MOSFETs). The electrical characteristics of 
MOSFETs of a given size can be adjusted by 
t chniques such as use of lightly doped drains* 
thr shold adjustment implants, polysilicon gates, 
and so forth. As the number of MOSFETs per chip 
is increased, the MOSFET feature size is down- 
scaled, and this leads to thinner gate o xides, shal - 
low r junctions, increased doping levels, lower 
operating voltages, and other features and also 
mak s the achievement of good electrical char- 
acteristics more difficult. 

The threshold adjustment implant has been 
common -place since the advent of ion implanta- 
tion, and the first technique widely used was im - 
planting p or n type dopants through the gate oxide 
prior to deposition of the gate. This technique has 
the problem of exposing the gate oxide to several 
proc ssing steps, and the gate oxide integrity is 
compromised. This problem is exacert)ated by 
downscaling due to the decreasing thickness of the 
gate oxide. 

An altemative threshold adjustment implant 
technique is to implant through a dummy gate 
oxid which is later stripped and the true gate 
oxid grown followed immediately by the gate de - 
position. This technique yields good gate oxide 
integrity, but the growth of the gate oxide subse - 
quent to the threshold implant implies high tem- 
p rature processing steps and a diffusion of the 
threshold implant dopants. Further, implanted bo- 
ron segregates into the oxide during growth; so the 
net effect is to have an undesirable deep implant. 
This leads to an increased body effect in n channel 
transistors and an increased short channel thresh- 
old rolloff due to a deeper buried channel. 

A variation of the alternative threshold adjust- 
m nt implant technique is to grow the gate oxide at 
low temperature to limit the Implant dopant fusion. 
However, low temperature gate oxide growth leads 
to generally degraded quality of both the gate 
oxide and the interface of the gate oxide with the 
silicon. In particular both the oxide fix d charge 
and the interfacial trapped charge increase with 
decreasing processing t mperatur . 

Hius it is a probl m in th known threshold 
adjustment implant m thods and thr shold ad- 
justed devices to have both good quality gat oxide 


plus a tight, shallow dopant profile. 
SUMMARY OF THE INVENTION 

5 A method for providing threshold adjustment is 

disclosed in U.S. Patent No. 4,845,047 ('047), in- 
corporated herein by reference. In this patent, the 
threshold of an FET is adjusted by implantation 
through a first split of a polysilicon gate plus gate 

10 o xjde fo llowed by completion of the gate. This 
permits a tight, shallow dopant profile plus high 
quality gate oxide and oxide/silicon interface and 
solves the problems of diffused and segregated 
implanted dopants in the known threshold adjust - 

75 ment methods and devices. 

A problem exists, however, with the split poly - 
silicon gate process of the '047 patent When the 
first polysilicon gate layer is very thin, as is nec- 
essary for downsized structures, etchants and other 

20 undesirable chemicals can penetrate through the 
polysilicon layer at the grain boundaries. This ere - 
ates problems in degrading the gate ox ide layer 
beneath. " 

Other objects and advantages will be obvious. 

25 and will in part appear hereinafter and will be 
accomplished by the present invention which pro - 
vides a method and apparatus for a transistor de- 
vice and method of forming the same. 

A method of forming a shallow doped region in 

30 a semiconductor layer is disclosed herein. An in - 
sulating layer (e.g., silic on dio xide) is fonmed over 
the semiconductor layer. Next a thin (e.g., <20 
nm), amorphous semiconductor layer is formed 
over the insulating layer. Ions may then t)e im- 

35 planted through the thin, amorphous semiconductor 
layer and the insulating layer and into the semi - 
conductor layer to form a shallow doped region. 
The shallow doped region may have a peak con - 
centration between 20 and 50 nm into the surface 

40 of the semiconductor layer. 

In one embodiment, a transistor device is 
formed in a semiconductor layer. The device in- 
cludes a source and drain region of a first con - 
ductivity type separated by a channel region 

45 comprising a second conductivity type. The chan - 
nel region also includes a shallo w doped re gion of 
the fir st conduc tivitv type. An insulating layer (e.g., 
silicon dioxide) overiies the channel region. A thin, 
semiconductor layer which may be recrystallized 

50 insulatively overiies the channel region and a 
polycrystalline semiconductor layer overiies the 
thin semiconductor layer. 

The transistor design usually ref rr d to as a 
"buri ed chan nel" transistor requires a very shallow 

55 compensating implant immedlat ly under the gat 
oxide of an MOS transistor. The buried channel 
design is us d in PMOS (p-chann 1 metal oxide 
s miconductor) transistors for gate I ngths of 0.5 
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urn or long r. This discussion will ref r to buried 
chann I PMOS transistor as th best xample. 
However, buried channel NMOS (n- channel MOS) 
transistors may also be formed. 

To prevent the subsequent growth of gate ox- 
ide from consuming part of the compensating im - 
plant and from driving the remainder of the com - 
pensating implant deeper into the silicon by ther- 
mal diffusion, it is necessary to implant the com - 
pensating implant after the growth of the gate ox- 
ide. Unfortunately, for optimum CMOS designs with 
gate lengths less than 0.5 um, it is necessary to 
r strict the implant to the PMOS transistors by a 
photoresist pattern. Resist patterning directly on 
top of gate oxide is a risky procedure for very thin 
gate oxide such as the 6 nm to 10 nm gate oxide 
thicknesses needed for 0.35 um CMOS technol - 
ogy. The deposition of a very thin amorphous sili - 
con layer on top of the gate oxide will protect the 
gate oxide from all of the chemicals used in the 
photoresist process and from the oxide deglaze 
process necessary to clean the thin amorphous 
silicon layer before deposition of the thicker poly- 
silicon layer needed to form the gates of the 
CMOS transistors. If the thin silicon layer is amor- 
phous and free of grain t)oundaries as in this 
invention, then the layer can be made thin enough 
to prevent broadening of the compensating implant 
distribution thereby creating the very shallow im - 
plant distribution needed for very short channel 
buried channel transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features of the present invention will 
b more clearty understood from consideration of 
th following descriptions in connection with ac- 
companying drawings in which: 

Figure 1 is a conventional CMOS device using 

surface channel NMOS and PMOS transistors; 

Rgure 2 is a CMOS device built according to 

the present invention; 

Figures 3 and 4 illustrate a CMOS device during 

selected steps of the process flow; 

Figure 5 illustrates the doping profile for various 

methods of forming a buried channel device; 

and 

Rgures 6-10 graphically illustrate the perfor- 
mance of exemplary transistor devices. 
Corresponding numerals and symbols in the 

different figures refer to corresponding parts unless 

otherwise indicated. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

The making and use of th presently pr fenred 
embodiments are discussed below in detail. How- 


ever, it should be appreciated that the pres nt 
invention provid s many applicable inventive con - 
cepts which can be emt)odied in a wide variety of 
specific contexts. The specific embodiments dis- 

5 cussed are merely illustrative of specific ways to 
make and use the invention, and do not delimit the 
scope of the invention. 

A description of the prior art CMOS devices 
will first be presented along with a brief summary 

10 of some of the fabrication problems. Next, an ex- 
emplary device built according to the present in- 
vention will be presented followed by a preferred 
method of fabrication. Some graphical data will 
then be presented to illustrate the operation of an 

75 exemplary device. A brief discussion of modifica- 
tions will finally be given. 

Referring first to Fig. 1, a conventional CMOS 
device 10 is shown. A semiconductor substrate 12 
includes an n-well region 14 and a p-well region 

20 16. 

A PMOS transistor 19 includes source 20, drain 
22 and channel 24 and is formed in the n-well 
region 14. A gate oxide l ayer 26 overiies the 
channel 24 and insulates a gate 28 from the chan - 

25 nel 24. ' 

Similarly, an NMOS transistor includes source 
30, drain 32 and channel 34 and is formed in the 
p-well region 16. A gate oxide layer^ overiies 
the channel 34 and insulates a gate 38J rom the 

30 channel 34. A field oxide region 18 separates the 
transistors from each other. 

Most CMOS processes use n-type doped 
polysilicon for both NMOS gate 38 and PMOS gate 
28. However, this design makes it difficult to build 

35 good PMOS transistors when the dimensions are 
far into the submicron range. 

For CMOS designs with gates 0.5 iim long or 
less, the easiest design to implement is to use 
polysilicon gates that are doped only by the pat- 

40 temed source/drain implants with the result that the 
NMOS transistors 29 have n + polysilicon gates 38 
and the PMOS transistors 19 hav e p-*- polysilicon 
gates 28. Thus, the NMOS transistors 29 haye n + 
gates 38 over a p-t ype doped channe l region 34 

45 while the PMOS fransistors 19 have p-i- gates 28 
over a n-type doped c hannel region 24. In this 
design, both NMOS and PMOS transistors are 
"sur face chann el", i.e., the entir e channel region 24 
(34) Js of opposite conductivity as the source 20 

50 (30) and drain 22 (32) . Because the gat£38 (38) 
and the channel 24 (34) are of different conductiv - 
ity types, the threshold voltages for each type are 
decrea sed by about the v alue of th silicon band - 
gap. For instance, if the natural threshold voltag s 

55 for NMOS and PMOS ar both 1.8V, th n tfi 
surface channel threshold voltag s will b about 
0.8V J or botii NMOS and PMOS. This permits 
using high concentration doping in the MOS 
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chann Is to pr vent punchthrough whil still pr - 
serving the low threshold voltages r quit d for high 
drive currents and fast circuit response. 

In other situations, both gates 28 and 38 are 
doped to the same conductivity type. For example, 
in the oldest CMOS processes using all n+ poly 
gates 28 and 38, the NMOS transistors 29 are still 
surface channel but there are design problems for 
th PMOS transistors 19. Since the n+ poly gate 
28 uses the same dopant conductivity type as the 
channel r egion 2 4 of the PMOS transistors 19. the 
threshold voltage is not reduced. For instance, the 
PMOS threshold voltage may be 1 .8V for a channel 
doping sufficient to prevent punchthrough from 
source 20 to drain 22 when the supply voltage is 
applied to the drain. To lower the PMOS threshold 
voltage, a very shallow profile compensating dop - 
ant must be added immediately underneath the 
gat oxide 26. This dopes the surface of tiie 
channel region to the opposite type of the gate 
and, as in the case with the surface channel de- 
sign, reduces the threshold voltage to an accept- 
abl value. Although this compensating implant 
changes the surface doping of the PMOS channel 
24 from n-type to p-type, the junction to tiie p- 
type bulk underneath the channel results in the thin 
p-type region being fully depleted. Although the 
d sign is usually refenred to as "buried.id3ann6l," 
there is no "buried channel" because of this de- 
pl tion. 

In tiie conventional CMOS designs, typically 
using 0.8 nm gate lengths and longer, the com- 
pensating p-type (e.g., boron) implant needed for 
th PMOS transistors is implanted through the 
pregate ("dummy gate") oxide (not shown) that is 
grown and stripped before the gate oxide is grown. 
Th boron implant does not have to be patterned 
and can be implanted into botii NMOS channel 34 
and PMOS channels 24. In this case, the NMOS 
threshold voltage is increased at the same time 
that the PMOS threshold is decreased. The usual 
procedure is to lower the p-well doping for the 
NMOS transistor so that the unpatterned p-type 
channel implant does not result in too large a value 
of thr shold voltage for tiie NMOS transistor. 

However, for CMOS technologies using less 
than 0.8 um gate lengths, the use of an unpatter- 
ned p-type channel Implant is not practical be- 
cause this compensating dopant profile must be so 
shallow in depth for the PMOS that this profile is 
too shallow to prevent punchtiirough in the NMOS 
transistor. It would be necessary to add a pattemed 
boron p - type higher energy implant for the NMOS 
transistor. 

Unfortunately, if pattemed chann I implants are 
used for th NMOS and PMOS transistors in th 
CMOS design, this cr ates some sev r proc ss 
problems for transistors with dimensions in the 


de p submicron regim . All deep submicron de- 
signs require very shallow profiles for the com- 
pensating dopant in the buried channel design. If 
these implants are made through the pregate 

5 dummy oxide, the later growtii of the gate oxid. 
will result in: (1) loss of the compensating dopant 
to the gate oxide (and loss to the ambient by 
diffusion through the growing gate oxide) and (2) 
diffusion of the compensating dopant deeper into 

10 the silicon resulting in a deeper profile. 

Since the compensating dopant cannot be im - 
planted through the pregate oxide, it must be im - 
planted through the gate oxide 26. However, the 
need to use pattemed channel implants for deep 

75 submicron CMOS designs causes severe problems 
with this approach. For instance, photoresist (not 
shown) must be placed on top of a very thin gate 
oxide 26 (6nm to lOnm thick), a deep UV exposure 
made, a wet developer used to remove the pat- 

20 temed parts of the resist, a UV bake used to 
harden the resist, the implant made, the resist 
removed by a plasma ash. and finally a wet 
cleanup used to remove resist residue. Unfortu- 
nately, many of the above procedures may dam - 

25 age the gate oxide 26 or add contaminants. The 
reduced quality of the gate oxide 26 may not t>e 
immediately detected but will probably cause the 
NMOS transistors 29 to later degrade rapidly in 
operation due to charge trapping at defects in the 

30 oxide 26 caused by hot carrier generation in the 
NMOS transistors. 

One approach used for CMOS with buried 
channel PMOS at the 0.8 um design node is to 
split the deposition of the polysilicon into two parts 

35 (see for example R. A. Chapman, et al.. Proceeding 
of the 1987 lEDM, pg 362 - 365 (1987)). The first 
deposition of polysilicon is 1 25 nm th ick: this is thin 
enough that a 60keV boron compensating implant 
could be made though the polysilicon and gate 

40 oxide. In the second deposition, enough polysilicon 
is added to make the total thickne ss 450 nm . A HF 
deglaze is typically necessary to remove native 
oxide from the surface of the first polysilicon layer 
t>efore the second polysilicon layer is deposited. 

45 Previous studies have shown that gat e oxid e in- 
tegrity will be degraded if the first polysilicon layer 
is less than 1 00 nm thj ^k. The assumed reason for 
this loss of gate oxide integrity is that the etch to 
remove the native oxi de will djf fuse through the 

50 grain t)oundaries in the first polysilicon layer and 
attack the gate oxide underneatii. Unfortunately, a 
first layer of polysilicon 100 nm tiiick or greater 
may caus too much scattering (straggi ) of the 
implanted boron ions with the result that th boron 

55 distribution is spread out too much to provid a 
profile shallow enough for CMOS in the deep sub- 
micron r gim . 
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At this point in th discussion, It would appear 
that only possible approach for deep submicron 
designs would be the n+Zp-t- po ly design resulting 
in all surface channel transistors. This is the easiest 
approach and may need to be accepted at some 
point as transistors are scaled to smaller dimen - 
sions. However, many of the complex fabrication 
processes now used for CMOS products such as 
DRAMs and SRAMs depend on the use of all n-t- 
poly gates. The present invention provides a fab - 
rication process and resulting structure which soh^e 
many of these problems. 

Referring now to Rgure 2, a CMOS device 110 
built according to the present invention is shown. 
Figure 2 is similar to Rgure 1 but also includes a 
thin silicon layer 1 27 formed beneath gate 128 and 
a thin silicon layer 137 formed beneath gate 138. 
Th thin silicon layer 127 (137) is deposited as an 
amorphus layer and may later be recrystallized (or 
partially recrystallized) into a polycrystalline state. 
For the purpose of this invention, the amorphous 
layer is defined to be a semiconductor in which 
grain boundaries which would allow chemical pen - 
etration are substantially eliminated or do not reach 
the top surface of the amorphous semiconductor 
lay r. 

In the preferred embodiment, the substrate 112 
comprises silicon. The gate insu!§tOLJl2& and the 
field insulating regions 118 are typically an oxide 
such as silicon dioxide. In the preferred embodi - 
ment, both gates 138 and 128 are doped with the 
same type impurities such as n-type impurities 
( .g., arsenic or phosphorus). ' " 

Also illustrated In Figure 2, is a shallow, doped 
channel region 125. The shallow doped channel 
region 125 is doped with the same type impurities 
and the source 120 and drain 125 and is formed to 
adjust the threshold voltage of the transistor 119 as 
discussed above. 

To eliminate the deleterious effects mentioned 
In the above discussion, the thin silicon layer 127 
(137) is deposited on top of the gate wddeJ^B 
before performing patterned implants (i.e. to form 
shallow doped regio n 125) through the gate oxide 
126. In order to eliminate damage to the gate oxide 
126, the deposited silicon must be free of grain 
boundaries. As is Jcnown, when ^non- crystalline 
silicon is deposited on top of oxid e without grain 
boundaries in the silicon, this rnaterial is called 
amo rphous silic on. As is known in the art, the 
structure of deposited silicon is strongly influenced 
by dopants. Impurities, and deposition temperature. 
To obtain amorphous silicon, th sul)strate tem- 
peratur must be reduced to 590 *C or below 
which is lower than used for the deposition of 
polycrystalline silicon. In the prefenred embodi - 
m nt, the amorphous silicon is deposited at about 
560 * C. The t mperature may b varied, however, 


as long as the grain boundaries which would allow 
ch mical pen tration ar substantially eliminated or 
do not reach the top surface of the amorphous 
silicon layer. 

5 A preferred method of fabrication is illustrated 

in the cross - sections views shown In Rgure 3 and 
4. Refening first to Rgure 3, a semiconductor 
(preferably silicon) workpiece is provided. Reld 
insulating regions 118 have been formed using 

70 known techniques such as thermally growing an 
oxide, for example. In addition, the well regions 11 4 
an d 116 have been formed. In the prefenred em- 
bodiment, well region 11 4 is doped with n-type 
impurities and region 116 Is doped with p-type 

75 impurities. The substrate 112 may be doped with 
p-type Impurities. Methods for forming well re- 
gions are well known in the art. Of course, in 
typical applications many wells may exist 

Gate insulators 12 6 are formed on the surface 

20 of the workpiece. In a preferred embodiment an 8 
nm oxide layer 126 is thermally grown using known 
techniques. For transistors designed with sub- 
micron length gates, the layer 126 may typically be 
between 4 and tg jnp thick. 

25 Next aTRnTamorphus semiconductor layer 140 
is grown. In the preferred embodiment, the semi - 
conductor is silicon. This layer 140 is typically 
thinner than 20 nm or 15 nm and may be as thin 
as 10 nm or 7.5 nm or less. It is important that the 

30 amorphus layer 140 t>e thin so that a low Implant 
energy can be used and the implant straggle can 
be reduced to a minimum value. It is also important 
that the layer 140 have a limited number of grain 
boundaries so that the chemicals used in subse- 

35 quent process steps cannot penetrate It and disturb 
the oxide layer 126 beneath. 

The next step is to pattern a photoresist layer 
142 so that p-type ions (e.g. k>oron) can l)e Im- 
planted into the regions where the PMOS transis - 

40 tors are to be built and blocked from the regions 
where NMOS transistors are to be built. 

One of the advantages of the present invention 
Is that the chemicals used to fonn resist pattem 
142 cannot penetrate the amorphous layer 140. In 

45 some prior art processes, the resist pattem 142 is 
formed directly on oxide layer 126 which may 
contaminate the oxide layer 126. 

Next ions are Implanted through the gate oxide 
126 and the thin amorphous layer 140 to form the 

50 buri ^ channe l as previously described. Since the 
gate oxide is thin je.g.^g jim) and the amorphous 
layer is thin {e,g^J0JSL2D nm), the total layer that 
the implant must only g through is thin. This 
advantage will allow for a shallow junction in the 

55 channel region of the transistor. 

Ref rring now to Rgur 4, the photor sist 142 
is thoroughly stripped away. One again oxid 126 
is protected by amorphous lay r 140 during this 
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strip process. 

A thin nat'v oxide layer (not shown) will iorm 
over th amorphous silicon layer 140. This native 
oxide must be removed to obtain good electrical 
contact between the amorphous silicon layer 140 
and the polysilicon layer 144 to t>e deposited in a 
later step. Methods for removing native oxides are 
known. Once again, the amorphous silicon layer 
140 will protect the underlying gate oxide 126 from 
the chemicals used to eliminate the native oxide. 

In practice, the removal of the native oxide 
may create problems. In one experiment, 
"amorphous" silicon 140 was deposited but ac- 
tually had a low density occurrence of small di- 
am ter silicon crystallites near the interface with 
th gate oxide 126. For thick amorphous silicon 
lay rs, this is not serious since the amorphous 
layer covers the crystallites. For very thin layers, 
such as 20 nm or less, the cry stajl jfes continue to 
th outer (upper) surface of the amorphous layer 
and thereby give grain boundaries that extend 
completely through the layer. Accordingly, it may 
be necessary to modily the deposition temperature 
and flow rates to produce an amorphous layer that 
is impervious to the wet deglaze of the native 
oxide. In the preferred embodiment, the deposition 
t mperature is between about 520 and 590 * C and 
silane plus argon was flowed into the process 
chamber at a rate of tjetween about 100 and 1000 
seem (standard cubic centimeters per minute) for 
silane and about 1 to 10 sIm (standard liters per 
minute) for argon. 

After removing any native oxide, a relatively 
thick polysilicon layer 144 Is added on top of the 
amorphous layer 140. The thickness of the poly- 
silicon layer 144 is determined by the desired 
thickness of the transistor gates. The layer 144 
may be deposited as polycrystalline or deposited 
as amorphous silicon and recrystaliized. The 
amorphous layer 140 may also be recrystaliized. 

Next, tiie polysilicon/amorphus silicon layer 
140 and 144 is doped and the gate 128 (138) 
patterned and etched using known processing 
techniques. Source 120 and 130 and drain 122 and 
132 are then fomned using known techniques. The 
resulting structure is shown in Rgure 2. In addition, 
as known sidewall spacers (not shown) or lightly 
doped drain (LDD) regions (not shown) may be 
included adjacent to the gates. Interconnections, 
passivation, and packaging have also been omitted 
for clarity. 

Simulations were performed to optimize the 
process for building buried channel PMOS tran- 
sistors by implanting th compensating boron im - 
plant through amorphous silicon. To obtain com - 
pensating junction depths of 0 .07 ujp ^or less, it is 
desirable that th amorphous silicon be no gr at r 
than 20 nm thick. If th gate oxide is 8 nm, this 


r quires that the boron implant pass through a total 
thickness of 28 nm. The stopping pow r of silicon 
and silicon oxide ar e similar for boron implants. A 
total thickness of ^8 nm is s imilar to the 25 nm 

5 pregate dummy oxide used in the standard buried 
channel fabrication process. 

When 20 nm of amorphous silicon is used, the 
boron implant energy must typically be about 15 
kev to assure that most of the boron reaches the 

10 silicon. The energy can be lowered to about 10 
keV. but atx)ut 20% of the boron is left in the 
amorphous silicon and gate oxide. Thinner layers 
of amorphous silicon would be preferable and lay- 
ers of 10 nm should be practical. 

15 The graphs of Rgures 5 through 10 illustrate 
the performance of an exemplary CMOS applica- 
tion of the present invention. Specifically, Figure 5 
compares SUPREM3 simulation results for several 
methods of fooDing buried channel PMOS transis - 

20 tors. The gate o xide 126 to cha nnel 125 interface is 
shown on the left hand side of the figure. 

The deepest profiles are obtained when the 
boron implant is performed through the sacrificial 
(dummy) oxide grown before gate oxide (prior art 

25 method). The two solid curves on the right hand 
side of the slide show the cases for 20keV and 
lOkeV t)oron implants. 

The two dashed curves on the left hand show 
the more shallow profiles obtained when either a 

30 lOkeV or a 15keV implant is performed through a 
20nm amorphous silicon film as descrit>ed in this 
patent. If the implant were to be performed through 
the gate oxide instead, the profile shown by the 
circled points would be obtained: however, this 

35 method risks contaminating or damaging the gate 
oxide. 

Rgure 6 shows that a very tight distribution of 
gate oxide breakdown voltages was ot>tained using 
this process for a full - flow CMOS lot. This ramped 

40 voltage test gives a breakdown field of at>out 10 
MV/cm. Destructive breakdown occurs near 12 
MV/cm. Charge to breakdown measurements give 
25 Coulombs/cm2 at 1 0mA/cm2 bias current. 

Rgure 7 shows the linear and 3.3V saturation 

45 threshold voltages for NMOS and PMOS from a 
full - flow CMOS lot Both transistors have excellent 
characteristics in the range of 0.3ixm effective 
channel length. 

Rgure 8 shows the subtiireshold turn-off 

50 characteristics of the NMOS and PMOS transistors 
with design widths of 5um and design lengtiis of 
0.4^m. The subthreshold slopes are both in the 
rang of 90-100mV7decade consistent with 8nm 
gate oxide and 4E17/cm3 doping. The 3.3V drive 

55 currents for these transistors ar 420uA/nm for 
NMOS and 250uA/M.m for PMOS. The effective 
chann I lengths for thes transistors ar 0.33um 
NMOS and 0.25um for PMOS. NMOS transistors 
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with 0.23tim effective chann I length also hav 
exc llent characteristics but characteristics for 
these devices are not shown in this figure. The 

0. 23um NMOS transistors have 90mV/decade 
subthreshold slope and 550uA/um drive curent. 

Rgure 9 compares the "off" current for zero 
gate voltage to the drive current for both NMOS 
and PMOS transistors. The "off" current increases 
when the saturation threshold voltage decreases to 
a value pennitting larger subthreshold leakage for 
zero gate voltage. The determining factor is effec - 
tive channel length for both the "off" current and 
the drive cunrent. In addition, at lOpA/um. the drive 
cunrents are approximately 300uA/iim PMOS and 
600uA/um for NMOS for a drain voltage of +3.3 V 
for NMOS and -3.3 V for PMOS. 

Rgure 10 shows the delay per stage of an 
unloaded inverter chain using W/L CMOS transis - 
tors of 10um/0.4iim design. At 3.3V. the delay per 
stage is 65ps/stage for this chain using NMOS 
transistors with 0.33um effective channel length 
and PMOS transistors with 0.25um channel length. 
It is expected that shorter delay times could have 
been obtained using NMOS with 0.23ixm effective 
channel length. 

In general, the process disclosed herein can be 
used whenever it is necessary to protect the gate 
oxide from process steps that might damage it For 
example, split poly deposition processes are used 
in the BiCMOS processes. Even more generally, 
the process may be used whenever a layer be- 
n ath a polysilicon layer must be protected. 

While this invention has been descrit>ed with 
r f rence to illustrative embodiments, this de- 
scription is not intended to be construed in a 
limiting sense. Various modifications and com- 
binations of the illustrative embodiments, as well as 
other embodiments of the invention, will be appar- 
nt to persons skilled in the art upon reference to 
th description. It is therefore intended that the 
apperKjed claims encompass any such modifica- 
tions or embodiments. 

Claims 

1. A transistor device formed in a semiconductor 
layer comprising: 

a source and drain region of a first conductivity 
type separated by a channel region comprising 
a second conductivity type, said channel re- 
gion including a shallow doped region of said 
first conductivity type; 

an insulating layer overiying said chann I re- 
gion; 

a first semiconductor layer insulatively ov r- 
lying said channel region; and a second 
semiconductor layer overiying said first layer. 


2. Th device of claim 1, wh r in th first semi - 
conductor layer is at least partially recrystal - 
lized. 

5 3l Th_ d vic. of claim 1 or claim 2, wherein the 
second semiconductor layer is a polycrystal - 
line layer. 

4. The device of claims 1 to 3 wherein said 
10 semiconductor comprises silicon and said in - 

sulating layer comprises silicon dioxide. 

5. The device of any preceding claim, wherein 
said first semiconductor layer compries a 

75 amorphous semiconductor layer. 

6. The device of any preceding claim, wherein 
said second layer is doped with impurities of 
said second conductivity type. 

20 

7. The device of any preceding claim, wherein 
said first conductivity type is n-type. 

8b The device of claim 7. wherein the n-type 
25 material comprises t)oron. 

9. The device of any preceding claim, wherein 
said shallow doped region has a peak doping 
concentration between about 20 ad 50 nm 

30 from the interface between said insulating layer 
ad said semiconductor layer. 

10. The device of any preceding claim, wherein 
said first semiconductor layer is about 200 or 

35 less angstroms thick 

11. The device of claim 10, wherein first semi- 
conductor layers Is between about 75 and 100 
angstroms thick. 

40 

12. A CMOS transistor device comprising: 

a semiconductor workpiece including an n- 
well region ad a p-well region; 
n- doped source and drain regions formed in 
45 said p - dwell region; 

p- doped source and drain regions formed in 
said n-well region; 

a p- doped NMOS channel separating said 
n- doped source and drain regions; 
50 an- doped PMOS channel separating said p - 

doped source and drain regions, said PMOS 
channel region including a shallow p- doped 
region; 

an insulating lay r formed over said chann Is; 
55 a thin, at least partially recrystallized semi- 

conductor layer semiconductor lay r formed 
over said insulating layer; and 
a polycrystalline semiconductor ov riying said 
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thin, at I ast partially recrystallized semicon- 
ductor layer semiconductor lay r. 

13. The device of claim 12, further comprising a 
field oxide region formed between said n-well s 
region and said p~well region. 
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